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[3Abstract--This study demonstrates the im- 
munoglobulin(Ig)-binding capacity of Ig- 
positive carp macrophages employing immuno- 
fluorescence and immunogold methods. These 
methods allow for the characterisation of the 
Ig-binding cells. After internalisation of fluo- 
rescent- or gold-labelled Ig (30 min at room 
temperature), most macrophages from the 
hindgut were able to bind added purified carp 
Ig, which could be demonstrated clearly with a 
second fluorescent or gold label. In proneph- 
ms, an important haemopoietic organ in f'tsh, a 
limited number of monocyte-like cells also 
showed Ig binding. Pronephros macrophages 
and neutrophific granulocytes appeared to be 
Ig-negative. The use of goat anti-mouse Ig gold 
particles bound by carp anti-goat antibodies re- 
vealed that, in addition to hindgut macro- 
phages and pronephric monocyte-like cells, 
some lymphoid cells in both hindgut and pro- 
nephros cell suspensions were also able to bind 
Ig. The classic erythrocyte-antibody rosette as- 
say resulted in a limited number of small ro- 
settes in cell suspensions from both organs. 
DKeywords--Fish; lmmunoglobulin binding; 
Macrophages; Neutrophilic granulocytes; 
Immunofluorescence; lmmuno-electron 
microscopy. 
Introduction 
In general, macrophages are involved in 
the nonspecific immune response by 
phagocytosis and killing of microorgan- 
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Rombout. 
isms but also in the specific immune re- 
sponse in which they play a role in anti- 
gen presentation or in the clearance of 
immune complexes (I ,2). In order to per- 
form these functions, macrophages pos- 
sess several molecules and receptors at 
their cell membrane. One of these is the 
Fc receptor (FcR), which binds the Fc 
part of the immunoglobulin (Ig) mole- 
cule. In this way, antibody-antigen com- 
plexes can be bound by macrophages 
and phagocytosed for further processing. 
In mammals a number of FcR types 
are found for different Ig isotypes (3-6). 
FcR are present on macrophages and 
certain FcR types are also found on 
blood platelets, lymphocytes (T and B), 
granulocytes, and other leucocytes. In 
addition to mammals, FcR have been de- 
scribed in birds (7), amphibians (8), and 
suggested for cartilaginous fish (9). The 
existence of Ig-binding receptors in bony 
fish has not yet been proven, although 
Ig-positive macrophages have been de- 
scribed in carp spleen and kidney (10) 
and more recently in carp hindgut (11). 
In this study the Ig-positivity of carp 
macrophages is investigated in more de- 
tail. A fluorescence microscopic method 
was developed in order to estimate Ig- 
binding by Ig-positive macrophages. In
addition a similar method employing 
gold-labelled antibodies was performed 
at the electron microscopic level, which 
allowed for the morphological identifica- 
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tion of Ig-binding cells. Electron micro- 
scopic identification is a necessity in fish 
immunology because monoclonal anti- 
bodies recognising different fish leuco- 
cyte populations are not sufficiently 
available. Various methods have been 
described for studying FcR expression 
(12). The erythrocyte-antibody (EA) ro- 
sette assay is the most established tech- 
nique (13), but this method reveals no 
information as to the type of Ig-binding 
cells involved. Therefore, an electron 
microscopic variant of the EA rosette 
test was developed using carp anti-goat 
Ig antibodies bound to gold-labelled goat 
Ig. The conventional EA rosette assay 
has been used for the quantification of 
Ig-binding cells in pronephros and hind- 
gut cell suspensions of carp. 
Materials and Methods 
Animals 
Carp, Cyprinus carpio L.,  6 -8  
months old, were bred and kept in our 
laboratory as described earlier (14). Be- 
fore dissection of pronephros and hind- 
gut, fish were sacrificed by tricaine 
methane sulphonate (TMS; Crescent Re- 
search Chemicals, Phoenix, AZ; 3 g/10 L 
water) overdose and bled by syringe in 
order to reduce the final blood volume in 
the organs. 
Cell Isolation 
All materials (e.g., tubes) used were 
si l iconised with Sigmacoat (Sigma 
Chemical Co., St. Louis, MO) in order to 
avoid adherence of cells. The hindgut 
was dissected out and the mucosa was 
mechanically stripped off. Both pro- 
nephros and the mucosa were squeezed 
through a nylon gauze (mesh size 50 0,m) 
while adding cRPMI ÷ medium [cRPMI 
(RPMI + 10% double-distilled water) + 
0.1% NaN 3 (azide) + 10 IU heparin/ 
mL]. Azide was added because it has 
been shown to prevent endocytosis n all 
carp leucocytes at low temperatures 
(14). Cell suspensions were washed 
twice in cRPMI ÷ by centrifuging for 10 
min at 680 x g at 4°C. A continuous 
Percoll gradient was prepared by centri- 
fuging 10 mL 60% Percoll (Pharmacia 
AB, Uppsala, Sweden) in cRPMI ÷ for 45 
min at 25,000 x g at 4°C. Cells were lay- 
ered over this gradient, centrifuged for 
30 min at 840 x g at 4°C, pipetted off at 
a density of 1.07, and washed twice in 
cRPMI ÷ + 1% BSA. Pronephros cells 
at this density were mainly macro- 
phages, lymphoid cells, and granulo- 
cytes (each population is approximately 
30%) (15). Isolated hindgut cells were 
mainly Ig-negative lymphoid cells and 
only about 5% are macrophages (16). 
Fluorescence Microscopy 
Cells (2 x 106) from pronephros and 
hindgut were incubated in 1 mL of a 1: 
100 diluted culture supernatant contain- 
ing WCI 12, a monoclonal antibody re- 
active with the heavy chain of carp Ig 
(17,18) for 30 min on ice. The suspen- 
sions were washed twice in cRPMI ÷ 
+ 1% BSA by centrifuging for 10 min at 
680 × g at 4°C. Then, suspensions were 
incubated with tetramethylrhodamine 
isothiocyanate conjugated rabbit anti- 
mouse Ig antibodies (RAM-TRITC; 1: 
100; Dakopatts, Glostrup, Denmark) for 
30 min on ice, washed as mentioned 
above, and resuspended in cRPMI ÷ + 
1% BSA without NaN3. The cells were 
kept for 30 min at room temperature to 
allow internalisation of the label and af- 
ter centrifugation the pellet was resus- 
pended in purified carp Ig (8 ~g/mL) con- 
taining cRPMI ÷ + 1% BSA for 30 min at 
4°C. Control suspensions were kept in 
the same medium without carp Ig. Sub- 
sequently, suspensions were washed and 
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a second labelling with WCI 12 followed 
by fluorescein isothiocyanate (FITC) 
conjugated RAM (1:100; Dakopatts) was 
performed as described above. After la- 
belling, cytocentrifuge preparations 
were made and studied with a fluores- 
cence microscope (Nikon Microphot 
FXA). As a control, the fluorescence 
conjugates were applied without WCI 12 
and these reactions were negative. 
Electron Microscopy 
The ultrastructural characterisation of 
Ig-binding leucocytes was performed us- 
ing two different methods. The first 
method was similar to that described for 
fluorescence microscopy, but in this case 
goat anti-mouse Ig (GAM) conjugated to 
10- or 30-nm gold probes (1:5, E-Y Lab- 
oratories, Inc., San Mateo, CA) were 
used. The second method can be consid- 
ered as an electron microscopic variant 
of the EA rosette assay. GAM conju- 
gated to 30-nm gold probes were incu- 
bated in a subagglutinating dilution of 
carp anti-goat Ig (CAG) serum (1:200). 
CAG serum was prepared by intramus- 
cular immunisation of carp with 160 Ixg 
goat Ig (Dakopatts) inFreund's complete 
adjuvant. Complement in the serum was 
heat inactivated for 15 min at 60°C. Pro- 
nephros and hindgut cell suspensions 
were first kept at room temperature in
NaNa-free cRPMI ÷ for I h (for internal- 
isation of bound Ig) and then incubated 
with CAG-treated or untreated gold par- 
ticles in cRPMI ÷ for 30 min on ice. The 
cell binding of carp anti-goat Ig antibod- 
ies bound to gold-labelled goat Ig was 
controlled by studying cytocentrifuge 
preparations of the cell suspensions us- 
ing the epipolarisation mode on a Zeiss 
fluorescence microscope. Then, cells 
were prepared for electron microscopy 
as earlier described (14) and examined in 
a Philips 201 electron microscope. Con- 
trol reactions with only gold conjugated 
GAM antibodies were negative. 
EA Rosette Assay 
Sheep red blood cells (SRBC) in 
RPMI (5 x 107/mL) were incubated in a 
subagglutinating dilution of carp anti- 
SRBC serum for 30 min at room temper- 
ature. Anti-SRBC serum was heated for 
15 min at 60°C in order to inactivate com- 
plement. Cells were washed twice in 
RPMI medium by centrifuging for 7 min 
at 490 × g at room temperature. Coated 
SRBC (SRBC-carp Ig) or uncoated 
SRBC (20 x 106/mL) were mixed 1".'1 
with cell suspensions of pronephros or 
gut (4 x 106/mL) and incubated for 30 
min on ice. As a control, carp cell sus- 
pensions were incubated with purified 
carp Ig (8 p~g/mL) for 30 min on ice be- 
fore the addition of SRBC. Finally cells 
were centrifuged for 7 min at 490 x g at 
4°C, resuspended carefully, and exam- 
ined in a BOrker counting chamber. A 
carp leucocyte with at least one SRBC 
was considered as a positive rosette. For 
quantification three carp were used and 
at least 10 3 carp cells per specimen were 
studied for SRBC binding. The Wilcoxon- 
Mann-Whitney test (19) was used in or- 
der to estimate significant differences 
between the numbers of rosettes in ex- 
perimental (coated SRBC) and control 
(uncoated SRBC) groups. 
Results 
Fluorescence Microscopy 
Cell suspensions of hindgut and pro- 
nephros were labelled with mouse anti- 
carp-Ig followed by RAM-TRITC. Cells 
were allowed to internalise Ig-bound la- 
bel. Next, purified Ig was added and Ig 
binding was demonstrated by incuba- 
tions with anti-carp Ig and RAM-FITC. 
In cell suspensions ofhindgut, and oc- 
casionally in pronephros uspensions, 
double positive c lls were found showing 
red fluorescent phagosome-like struc- 
48 J.C.E. Koumans-van Diepen et al. 
tures in their cytoplasm and green fluo- 
rescence on their surface (Fig. 1). These 
cells were regarded as macrophages be- 
cause of the phagosome-like structures 
and their cell size; predominantly large 
(--.20 ~m) in hindgut but smaller (-+7 v.m) 
in pronephros. Only a limited number of 
Ig-positive macrophages in hindgut sus- 
pensions did not show the green fluores- 
cence label at their cell membrane. 
Smaller positive lymphoid cells were 
also found showing both labels on the 
same spots at the cell membrane. In con- 
trol preparations (without addition of 
carp Ig) the macrophages showed only 
red fluorescence in their phagosome- 
like structures while the lymphoid cells 
were still double-positive at their cell 
membrane. 
Electron Microscopy 
Results obtained with fluorescence 
microscopy could be confirmed with 
electron microscopy using two distinct 
gold probes to visualize Ig binding in- 
stead of fluorescent labels. Again differ- 
ent labelling patterns could be observed 
and the positive cells were identified as: 
1. Macrophages in gut suspensions 
(Figs. 2, 3) and monocyte-like cells 
from pronephros (Fig. 4) showing 30- 
nm gold probes in endosome-and/or 
phagosome-like structures and 10- 
nm, but no 30-nm, gold probes on 
their surface. 
2. A few macrophages from hindgut 
with only 30-nm gold probes in endo- 
some- and/or phagosome-like struc- 
tures and no 10-nm particles at their 
cell membrane. 
3. Lymphoid cells from both organs 
having both small and large gold par- 
ticles at he cell membrane (Fig. 5). 
Most of the intestinal macrophages 
were large (10-30 Ixm) double-positive 
cells (Fig. 2), but smaller double-positive 
macrophages could also be found (Fig. 
3). The number of double-positive lym- 
phoid cells was very low in intestinal cell 
suspensions. In pronephros cell suspen- 
sions the double-positive monocyte-liKe 
cells (Fig. 4) formed a minor population. 
These monocyte-like cells were about 
the same size as lymphoid cells, but they 
showed lysosomes and endosomes in 
their cytoplasm. However, discrimina- 
tion between a lymphoid cell that had en- 
docytosed a few gold particles and a 
M 
L 
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Figure 1. Fluorescence micrograph of a cYtocentrifuge preparation f hindgut leucocytes stained 
in suspension with a monoclonal antibody against Ig (WCl 12). Double staining showing TRITC- 
labelled internalised Ig (red) and, after incubation with carp Ig, FITC-labelled newly bound Ig 
(green). M, double-stained macrophage; L, Ig-negative lymphocyte; bar = 10 i~m. 
Ig-binding leucocytes in carp 49 
Figure 2. Electron micrograph of a large hindgut macrophage labelled with a monoclonal antibody 
against Ig (WCI 12). Large gold particles (30 nm) represent internalised Ig within endosomal struc- 
tures (arrow) and small gold particles (10 nm) represent newly bound carp Ig at the cell membrane 
(arrowhead). P, phagosome; bar = 0.5 p.m. 
monocyte-like cell was sometimes arbi- 
trary. Reasonable numbers (about 20%) 
of the lymphoid cells were double- 
positive (Fig. 5). The macrophages in
pronephros were smaller (5- I0 vLm) than 
intestinal macrophages and moreover 
completely Ig-negative (Fig. 6). Neutro- 
philic granulocytes were Ig-negative and 
did not show Ig binding. 
Incubation with the carp anti-goat Ig 
antibodies bound to gold-labelled goat Ig 
revealed binding of these probes to mac- 
rophages in the hindgut (Fig. 7), to 
monocyte-like cells in the pronephros, 
and to some lymphoid cells (Fig. 8) in 
hindgut and pronephros. Control label- 
ling with uncoated gold probes did not 
show this reaction pattern. 
Rosette Assay 
Rosette-forming leucocytes binding 
1-3 erythrocytes were present in pro- 
nephros and hindgut suspensions. The 
percentage ofrosette-forming leucocytes 
in hindgut (6.8%, SD = 3.5) and pro- 
nephros (3.6%, SD = 0.6) using carp Ig- 
coated SRBC was significantly (p < 
0.02) higher than background rosette 
forming (with uncoated SRBC) in these 
organs (hindgut: 2.0%, SD = 0.6; pro- 
nephros: 1.8%, SD = 0.6). Preincuba- 
tion of the cell suspensions with carp Ig 
reduced the percentage of lg-specific ro- 
seRe-forming cells to background level 
in hindgut. 
Discussion 
In this study the Ig-binding capacity 
of leucocytes from carp was investigated 
using light and electron microscopy. 
A fluorescence microscopic assay 
was developed for demonstration f Ig- 
binding by Ig-positive leucocytes. Cells 
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Figure 3. Electron micrograph of a small hindgut macrophage labelled with a monoclonal antibody 
against Ig (WCI 12). Large gold particles (30 nm) represent internalised Ig within endosomal struc- 
tures (arrows) and small gold particles (10 nm) represent newly bound carp Ig at the cell membrane 
(arrowhead). N, nucleus; bar --- 0.5 t~m. 
were first labelled at a low temperature 
with FITC using a monoclonal antibody 
against carp Ig in an azide-containing 
medium. The use of low temperatures in 
combination with azide is a well ac- 
cepted method to prevent capping and 
endocytosis of labels in mammalian leu- 
cocytes (20), but appeared to be usable 
as well for carp leucocytes (14). This 
study (and also earlier unpublished re- 
suits) with carp leucocytes have shown 
that this effect is reversible, as the pro- 
cess of capping and endocytosis tarts 
immediately when carp leucocytes are 
transferred to r om temperature in an 
azide-free medium. In fact, carp macro- 
phages have completed the internalisa- 
tion of labelled Ig after 30 min. Subse- 
quently, Ig-binding was demonstrated by 
an incubation with purified carp Ig and a 
second (TRITC) labelling against Ig. 
Without the addition of carp Ig, macro- 
phages were negative for the second la- 
belling, indicating again that all initially 
labelled Ig was internalised. The same 
procedure was followed for electron mi- 
croscopic study of Ig binding but em- 
ploying secondary antibodies labelled 
Ig-binding leucocytes in carp 51 
Figure 4. Electron micrograph of a pronephros 
monocyte-like cell labelled with a monoclonal 
antibody against Ig (WCI 12). Large gold parti- 
cles (30 nm) represent internalised Ig (arrows) 
and small gold particles (10 nm) represent newly 
bound carp Ig at the cell membrane (arrow- 
head). Bar = 0.5 i~m. 
with small and large gold particles in- 
stead of fluorochrome-labelled antibod- 
ies. Ig-positive lymphoid cells showed 
both labels at their cell membrane but 
little label in their cytoplasm; apparently 
they did not endocytose much of the flu- 
orescent or gold labels under the condi- 
tions used. The light and electron micro- 
scopic observations showed that most if 
not all intestinal macrophages have an 
Ig-binding capacity. The number of ro- 
sette-forming cells determined in hindgut 
cell suspensions i  in agreement with the 
number of macrophages present (16). It 
is suggested that Ig-binding is mediated 
by putative FcR, analogous to Ig-binding 
by FcR in mammals and other verte- 
brates. Ig-binding by complement recep- 
tors can be excluded since all antisera 
were heat-inactivated and purified Ig 
was used. Whether the putative FcR of 
carp binds carp Ig by Fc or Fab regions 
Figure 5. Electron micrograph showing a pro- 
nephros lymphocyte labelled with a monoclonal 
antibody against Ig (WCI 12) represented by 
large (30 rim) and small (10 nm) gold particles at 
the cell membrane (arrowheads). Bar --- 0.5 txm. 
52 J.C.E. Koumans-van Diepen et al. 
Figure 6. Electron micrograph showing a pronephros macrophage, which is negative after labelling 
with a monoclonal antibody against Ig (WCI 12). Bar = 1 p,m. 
remains to be investigated, by using such 
fragments of carp Ig, which are presently 
unavailable. It is postulated that the pu- 
tative FcR is expressed on a great major- 
ity of macrophages i olated from the 
hindgut. Some of the Ig-positive macro- 
phages did not bind added Ig; they had 
only fluorescent or gold label in their en- 
dosomes and not at the cell membrane. 
Several explanations for the absence of 
Ig binding can be suggested: 1) Studies in 
mice revealed that phagocytosis of mul- 
tivalent Ig complexes that cause cluster- 
ing of the FcR, leads to a selective loss of 
FcR at the cell membrane. This is due to 
degradation of both receptor and Ig com- 
plexes in lysosomes (21). The amount of 
surface FcR can be decreased by >50% 
for several hours. 2) The existence of 
more than one FcR type, like in mam- 
mals, which possess FcR for several iso- 
types of Ig (3,22). In teleost fish antigen- 
ically different Ig types have been re- 
ported for channel catfish [lctaluras 
punctatus; (23)], rainbow trout [Onco- 
rhynchus mykiss; (24)], Atlantic salmon 
[Salmo salar; (25,26)], and brown trout 
[Salmo trutta, (26)]. In carp indications 
are present for differences between mu- 
cus Ig and serum Ig, but both molecules 
are recognised by monoclonal antibody 
WCI 12 (27) used here. In this study 
binding of Ig from serum is investigated, 
while only receptors for mucus Ig may 
be present on some of the macrophages 
and monocytes. 
In pronephros cell suspensions only a 
limited number of monocyte-like cells 
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Figure 7. Electron micrograph showing a hindgut macrophage, which has bound carp anti-goat Ig 
bound to 30-nm gold-labelled goat Ig (arrowhead). Bar = 0.5 p,m. 
showed Ig-binding. This corresponds 
with the very low number of Ig-binding 
cells in pronephros cell suspensions es- 
timated with the EA rosette assay. The 
pronephros macrophages are different 
from those in hindgut; they were smaller 
and mostly Ig-negative. Neutrophilic 
granulocytes from pronephros were also 
Ig-negative. Although pronephros mac- 
rophages and neutrophilic granulocytes 
seem to lack the putative FcR, they are 
functionally active as demonstrated by
their high phagocytic, respiratory burst 
and microbicidal activity (15,28). Possi- 
bly opsonisation of the antigen by com- 
plement instead of antibodies can en- 
hance phagocytosis by these cells. Re- 
cent data on neutrophilic granulocytes of 
carp have shown that normal serum is 
highly effective in opsonisation and this 
effect can be blocked by anti-C3, while 
opsonisation by antiserum is absent (29). 
Complement asthe main opsonising fac- 
tor has been reported for rainbow trout 
(30-33), coho salmon (O. kisutch) and 
masu salmon [O. masou; (30)], channel 
catfish (34), and plaice [Pleuronectes 
platessa; (35)]. Opsonising effects of an- 
tiserum have also been demonstrated for
rainbow trout (30,32,33,36), coho salmon 
and masu salmon (30), channel catfish 
(34), and Japanese el [Anguilla japon- 
ica; (37)]. In carp pronephros effective 
binding of immune complexes could be 
performed by melanomacrophages re- 
ported to be Ig-positive in cryo-sections 
of pronephros (10). These cells are situ- 
ated in the connective tissue around 
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Figure 8. Electron micrograph showing a pronephros lymphocyte, which has bound carp anti-goat 
Ig bound to 30-nm gold-labelled goat Ig (arrowhead). Bar = 0.5 i~rn. 
blood vessels and apparently are not iso- 
lated from pronephros by the procedure 
used here. 
Although FcR have been found on 
leucocytes of mammals (3-6), birds (7), 
and amphibians (8), demonstration of 
FcR on fish leucocytes turned out to be 
rather difficult using the EA rosette as- 
say. Wrathmell and Parish (38) could not 
demonstrate Ig-binding by leucocytes of 
dogfish (Scyliorhinus canicula), ray 
(Raja clavata), and plaice, whereas 
Haynes et al. (9), using an adapted ro- 
sette assay, revealed that shark leuco- 
cytes may posses FcR. As mentioned 
earlier, studies on the presence of FcR 
on fish cells based on enhanced phago- 
cytic activity after opsonisation of anti- 
gen by antiserum are contradictory. Ig- 
positive macrophages are present in 
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spleen, kidney (I0), and hindgut (11) of 
carp. This study for the first time dem- 
onstrates Ig-binding by hindgut macro- 
phages, monocyte-like c lls in proneph- 
ros, and lymphoid cells in both organs of 
carp. The Ig-binding capacity of hindgut 
macrophages and some lymphoid cells is 
similar to the mammalian situation. 
However, the finding that neutrophilic 
granulocytes from pronephros do not 
have the putative FcR is in contrast with 
the presence of FcR on all mammalian 
neutrophilic granulocytes (2,39). 
In summary, for carp the immunoflu- 
orescence and immunogold methods 
used appear to be more sensitive tech- 
niques to demonstrate Ig-binding than 
the EA rosette assay. In addition these 
methods allow an accurate identification 
of the Ig-binding cells. It is concluded 
that a great majority of carp intestinal 
macrophages show Ig'binding probably 
mediated by a putative FcR, in contrast 
to pronephros macrophages and neutro- 
philic granulocytes. This suggests a func- 
tional difference between hindgut and 
pronephros macrophages. Opsonisation 
of antigen by complement probably 
plays a major role in phagocytosis by 
pronephros macrophages and neutro- 
philic granulocytes while a putative FcR 
seems to be involved in the effective 
phagocytosis by intestinal macrophages. 
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